ABSTRACT Five protein fractions have been separated by paper electrophoresis from the plasma of the American cockroach. With the utilization of various staining procedures several of the plasma fractions were shown to be conjugated proteins. Two of these (fractions II and IV) are readily identifiable by their phospholipid, carbohydrate, and protein composition. A third conjugated protein, fraction III, is characterized by its high neutral lipid and sterol content. This lipoprotein is also sex-specific. Another fraction (I) contains neutral lipid, sterol, and protein but electrophoretically is more mobile than fraction III. Fraction V, the last and least mobile of the normally occurring proteins, possesses electrophoretic properties similar to human fibrinogen.
few segments of the abdomen along with the hind-and midgut were similarly removed, and the insects were placed thorax first into a 10 ml. glass tube drawn to a taper sufficient to hold the insects free of the collected plasma and this tube was inserted into a 15 ml. centrifuge tube. Both tubes were silicone-treated. Two insects per tube were centrifuged at 95 to I 12 X g for 45 seconds. Under these conditions no fat body or other tissues contaminated the plasma. The blood obtained in this manner was recentrifuged for 10 minutes at 1000 g to remove the blood cells. Very few cells or lipid particles could then be found in the collected plasma by microscopic examination under 400 magnification. After centrhugation there were present a top layer of lipoid material, free plasma, and a bottom layer ot sedimented blood cells. The sample was carefully taken from the middle layer, frozen at --75 ° , and stored at --20°CJ ELECTROPHORESIS 
PROCEDURES
The samples were run at 28°C. on a Reco paper electrophoresis apparatus. 2 Sodium diethyl barbiturate (0.042 ~) in 15 per cent glycerol adjusted to p H 8.8 was used as the buffer unless otherwise specified. Three filter paper strips (S. & S. 598, 5 X 56 em.) were employed as the support medium. 100 microliters of plasma was applied to the paper strips. As an isoelectric reference 10 microliters of 50 per cent monosaccharide was added to the plasma sample. After addition of the sample the apparatus was sealed and the current applied (350 volts, 7 to 8 ma.). 18 to 20 hours later the point of application was marked and the strips were cut away from both ends. The eleetrophorograms were dried for 30 minutes at 60-80°C., cut into five strips, each 5 mm. wide, and stored between sheets of filter paper until stained. IDENTIFICATION 
METHODS
The migration of the monosaccharide was used as a zero mobility area at which point isoelectric materials would be found. The protein was identified by the procedure of Jencks (1955) . The dried, stained strips were cleared in paraffin oil and at 3 ram. intervals along the strip the optical densities read at 575 m/z using a Welch densichron.
The lipid-staining method was the Swahn (1952) technique except for the use of a buffered TrisLmaleic acid solution of Sudan black (pH 6.5) as the staining medium rather than the unbuffered system generally used. The 5 mm. strips were stained for 4 hours, washed three times with 40 per cent ethyl alcohol, air-dried without blotting, cleared with glycerol, and optical densities determined at 575 m~.
Essentially the technique of Sachs and Danielson (1955) was used for the detection of phospholipids. This was modified by using a digestion solution containing 0.75 per cent sodium chloride, 0.60 per cent Tris, and 0.56 per cent maleic acid adjusted to p H 7.2. 100 mg. trypsin 4 was added for each 100 ml. solution. Twenty 5 ram. strips or the equivalent were digested per 100 ml. solution. From this point on Sachs' technique was followed exactly. The dried, stained strips were cleared in paraffin oil and optical density readings were made at 575 m#.
A detection method for sterol was developed by combining the protein digestion procedure of Sachs (1955) and a phosphomolybdic acid spray treatment (Martin (1957)). The sterol-containing electrophorograms were digested by incubating with the phospholipid-trypsin digestion solution for 3 hours at 37°C. The digested strips were washed three times with distilled water and air-dried. Both sides were then sprayed with an 8 per cent alcoholic phosphomolybdic acid solution. The treated strips were dried in an oven at 50°C. for 5 to 10 minutes, cleared by dipping in glycerol, blotted, and optical densities read immediately at 660 m#.
The carbohydrate-staining method was that of Kiow and Gronwall (1952) The fuchsin-stained strips were cleared in paraffin oil, and read at 575 m#.
R E S U L T S

Correlation of Protein Fractions with Conjugated Material
The highest point of the principal blood protein (II) was taken as a distance of 1.0 and all peaks between plasma fraction II and the monosaccharide area were arithmetic fractions of 1.0 (Fig. 1) . Thus, the relative mobility of any conjugated material can be calculated and correlated with its carrier protein.
Fraction I was not selected as the reference protein as this fraction is not present in high concentration at all stages of an instar (Siakotos (1960)).
The horizontal limits of a protein fraction are concentration-dependent but the means of the limits are not. In addition, the means are much less variable, therefore the fraction means were selected to establish the correlation between protein and conjugated materials. The means of the protein fraction peaks were taken from data of sixteen female and thirteen male samples of twenty insects each. The results are given in Table I . These data show that the non-protein component means were homogeneous within each electrophoretic fraction. The protein in fraction II had a mobility of 1.0 and its principal conjugates (phospholipid and carbohydrate) possessed mobilities statistically of the same magnitude. Similar correlations are observed with the other fractions. There was some overlapping of the fractions, especially fraction III conjugates. In part, this overlapping can be attributed to the staining variability of the lipid and sterol techniques and to the absence of sharp boundaries in these neutral lipid components. Variability of the lipid distribution can be traced also to the changes in neutral lipid-containing lipoproteins during and after the molting process (Siakotos (1960)). The large variation in fraction V was the result of pooling several residual protein peaks in this fraction and the low concentration of this fraction. The four fractions so determined had average mobilities (relative to fraction II) of 0.9935, 0.8260, 0.6905, and 0.4931 for fractions II, III, IV, and V, respectively. It can be seen that all fractions and their conjugates are characterized by discrete distributions indicating a good correlation of the separated fractions with their integral conjugates.
Composition of Plasma Fractions
The composition data in Table II show that fraction II consisted principally of protein, phospholipid, and carbohydrate. This fraction can therefore be xoo 4 V. This does not mean that this fraction is not conjugated but rather that the fraction may be present at levels too low for the detection of its conjugates. Fig. 1 gives a diagrammatic representation of the relationships existing between these fractions and their conjugates. Sexual differences were observed only in the protein of fraction III. In this fraction the females possessed more protein than males. This fraction, III, was the major neutral lipid-and sterol-con-taining lipoprotein of roach plasma. The variation in components other than protein in fraction III was too great for more critical comparisons.
Mobility of Plasma Fractions
The mobilities of normal cockroach plasma fractions relative to human serum were determined by the starch block method of Rotman and Spiegelman (1954) . The temperature of the starch block was maintained at 4°C. A comparison of roach plasma and human serum migration rates on the same block is given in Table III and Fig. 2 . Fraction I is shown for the first time in Fig. 2 . This fraction possessed a mobility 1.08 times that of human albumin (Table III) . Fraction II, a glycoprotein, was as mobile as human arglobulin, another glycoprotein. Fractions III, IV, and V had mobilities similar to those of the human fl-globulins. Human serum was employed only as a standard; no functional analogy is intended. The fraction relative mobilities are given in Table III. Table III also gives a comparison of the mobilities obtained by free electrophoresis of Schistocerca gregaria F. plasma fractions as separated by Bowen and Kilby (1953) . These data were converted to mobilities relative to human serum under the same conditions of temperature and pH. The data of Bowen and Kilby (1953) for Schistocerca gregaria 
#
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The IsoeIectric Properties o[ Roach Plasma
A series of experiments were carried out in which pooled plasma was subjected to paper electrophoresis using buffers pH 4 to 10. The ionic.strength was held constant so that only pH and buffer ions were varied. Alterations in the electrophoretic behavior of roach plasma proteins with pH are given in Figs. 3 to 7 . Notice that the conjugates are stable at pH 5 to 10. However, lipoprotein, fraction III, appears to be unstable below pH 5.: The various conjugates were identified and followed by their characteristic composition, In Table IV the isoelectric pH of these fractions is given. These isoelectric values were obtained by observing the composition of the conjugated protein found in the isoelectric region (shaded area). Fraction II had an isoelectric pH of 5.0, the most acid of the plasma proteins identified. Fractions III and IV were more basic with neutral points of 5.5. The isoelectric point of fraction V was estimated to be 7.0 to 7.5.
DISCUSSION
Although electrophoretic separation was not complete with all plasma fractions, sufficient evidence has been obtained to indicate that nymphal populations randomly sampled contain four and possibly five plasma fractions. Three of these fractions were shown to be lipoproteins. Two lipoproteins (II and IV) contained protein, phospholipid, and carbohydrate. These fractions can therefore be considered glycolipoproteins. The remaining lipoprotein was characterized by its neutral lipid and sterol content. This fraction (III) was present in high concentration in the females. In the following paper a second neutral lipid-containing fraction also will be shown to be sex-specific. The protein in female fractions I and III was higher than in male fractions I and III. A fifth plasma fraction was not found to contain conjugated material--at least in detectable quantities.
The number of proteins and lipoproteins agrees with the results of Clark and Ball (1956) but differs from those of Stephens and Steinhauer (1957) who demonstrated only two fractions in the same insect. Clark and Ball (1956 ) also observed a lipoprotein, possibly III present on the inner edge of fraction II. Telfer has shown by free electrophoresis the presence of a fraction located in relatively the same position and which is specific for females and nearly absent in male Hyalophora cecropia pupae. In human blood, sex differences occur in the ~-globulin fraction which is similar to fraction III of roach blood in both composition and mobility (Eder (1958) ).
Under the experimental conditions of this study no adsorption of lipoid material by the supporting paper media was observed, hence, the lipids can be assumed to be characteristic of their carrier proteins. Indeed, a correlation analysis of the conjugated material mobilities and the mobilities of the protein fractions furnished evidence that these materials were bound to their respective proteins. Additional evidence of the stability of these complexes was provided by their behavior with buffers of varying pH. Instability was shown only by the neutral lipid fraction (III) where splitting occurred below pH 5 only. The isoelectric properties of these fractions appear to be similar to those of comparable human blood fractions since the most acid fractions, roach blood II and human a~-globulin, are glycoproteins. The t-like fractions III and IV were isoelectric-neutral at pH 5.5. On comparing mobilities of the blood proteins, these similarities are even more striking. Fraction I was only slightly more mobile than human albumin. Fraction II was similar to the human glycoprotein, a~-globulin. Fractions III and IV possess mobilities close to that of the 3-globulins.
With the above information as a background, the function of these plasma fractions in the roach can be evaluated. The presence of ~-like lipoproteins may be important in the transport of lipid to and from the fat reserves. The prominence of two glycoproteins is also noteworthy in view of the two large carbohydrate depots in insects--the fat body and the integument. Both the cuticle and the fat body undergo histolytic changes with each molt (Roeder (1953)). Thus the transport of carbohydrate material by the plasma glycoproteins during this stage may be of major importance. Except for the prominence of the glycoprotein and the absence of an "albumin"--the properties of insect plasma proteins appear to be not unlike those of higher animals and those similarities which were observed appear to be peculiarly fitted to the insect. In human blood albumin functions in maintaining blood osmotic equilibrium and in the transport of unesterified fatty acids (Hughes (1954) ; Fredrickson and Gordon (1958) ). Its absence in this insect may be of minor consequence as its osmotic properties appear to be replaced by the high titer of amino acids of insect blood (Roeder (1953) ) and the transport of unesterified fatty acids may be carried out by one of the observed plasma fractions.
